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ABSTRACT

Although extant literature has investigated the helpfulness
of online reviews, much of this research has focused on
investigating the textual feature of online reviews, while
omitting other potential determinants of helpfulness such
as the image feature of online reviews. In this study, we
examine the following research questions (RQ): RQ1:
How will review image features (i.e., colorfulness and
color harmony) influence review helpfulness? And RQ2:
How will review text features (i.e., sentiment and
complexity) and visual features (i.e., colorfulness and color
harmony) interactively influence helpfulness? Our
preliminary findings suggest that both colorfulness and
color harmony of review image have positive impacts on
review helpfulness, and that review sentiment has
moderating impacts on the above relationships.
Keywords

Review helpfulness, colorfulness, color harmony, review
sentiment, review complexity.
1. INTRODUCTION

Online reviews, particularly helpful online reviews, play an
essential role in influencing customers’ purchase decisions
and promoting overall sales in e-commerce platforms.
Following previous studies (Mudambi & Schuff, 2010; Yin
et al., 2016), we define review helpfulness as the extent to
which a customer-generated seller evaluation is perceived
by other consumers to facilitate their purchase decision
process. A recent report shows that 90% of buyers consider
online reviews when making their purchasing decisions,
and 78% of people trust online reviews as much as a
recommendation from a family member or friend
(Georgiev, 2021). As such, e-commerce sites compete for
consumers’ attention by identifying and presenting helpful
reviews enabled via a helpfulness voting mechanism. A
typical and often cited example is Amazon which was
reported to gain an additional $2.7 billion in annual
revenues by its online review system and the helpfulness
vote mechanism (Spool, 2009). Given that helpful reviews
are valuable to both customers and e-commerce platforms,
a better understanding of the antecedents for review
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helpfulness offers clear benefits to review writers and
online vendors.
Although extant literature has investigated the helpfulness
of online reviews, much of this research has focused on
investigating the textual feature of online reviews, while
omitting other potential determinants of helpfulness such
as the image feature of online reviews. Multimedia content
such as images enable users to display a broad spectrum of
cognition and sentiments in their content, improving
reviewer readers’ online experience. Drawing on color
theory (Agoston, 2013), we propose two color concepts
related to image, including colorfulness and color harmony
which may influence review helpfulness. In addition, we
expect that the color characteristics of review images can
serve as an environmental context which further interact
with emotional (i.e. sentiment) and cognitive (i.e.,
complexity) characteristics of review text on review
helpfulness. Specifically, we examine the following
research questions (RQ):
RQ1: How will review image features (i.e., colorfulness
and color harmony) influence review helpfulness?
RQ2: How will review text features (i.e., sentiment and
complexity) and visual features (i.e., colorfulness and color
harmony) interactively influence helpfulness?
This paper proceeds as follows. Section 2 provides a brief
literature review focusing on antecedents of review
helpfulness and color theory. Section 3 develops our
research model and hypotheses. Section 4 describes the
method and the preliminary results. We conclude and
discuss our contributions and managerial implications in
Section 5.
2. LITERATURE REVIEW AND THEORY
2.1 Antecedents toward review helpfulness

Sizable research attention has been given to review
helpfulness, though largely from review (content) and
reviewer (source) perspectives. Previous research has
shown that review helpfulness is influenced by cognitive
factors (e.g., complexity) and emotional factors (sentiment,
extremity) of review text (Choi & Leon, 2020; Srivastava
& Kalro, 2019; Yin et al., 2016). Additionally, review
helpfulness is also influenced by reviewer characteristics
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such as expertise, identity, and rank and reputation.
However, there is one area that has not received the same
attention: review images. For instance, Amazon.com has
listed a separate section to display reviews with images,
which suggests the value of review images for review
readers. The past few years have witnessed a shift from
text-centric to visual-oriented experience in online
platforms. While many studies have examined the
determinants that drive review helpfulness from a usergenerated content (UGC) perspective, most of these studies
focus on the text content of online reviews, leaving the role
of image content largely unexplored.
2.2 Color theory

A notable feature to invoke users’ attitude is color.
Previous studies have shown that color can influence
perceived trustworthiness, users’ loyalty, and purchase
intention (Cyr et al., 2010; Dey et al., 2020; Hall & Hanna,
2004). Existing studies mainly examine specific colors (e.
g. blue) that influence users’ perception toward a user
interface. In our focal study, enabled by an image analytics
technique, we extract two main features from the review
image, namely colorfulness and color harmony. The
colorfulness of a picture is highly dependent on the
distribution of colors. For example, an image with more
different colors and more equal distribution of these
different colors appears more colorful. Colorfulness can
evoke both an emotional response of arousal and a
cognitive response of complexity, which may interact with
the emotional and cognitive component from the text
content of an online review to influence review
helpfulness. In color theory, color harmony refers to the
property of aesthetically pleasing color combinations.
Color harmony is associated with a relaxing, comfortable,
and peaceful state where individuals enjoy the aesthetics of
harmonious color combination. Taken together,
colorfulness and color harmony of a review image may
serve as a contextual factor that interacts with the
emotional and cognitive components of review text to
determine review helpfulness
3. RESEARCH HYPOTHESES

In the focal study, drawing on color theory, we further
investigate direct effects of review image features on
review helpfulness and interactive effects of review text
features (i.e., sentiment and complexity) and review image
features (i.e., colorfulness and color harmony) on review
helpfulness, as shown in figure 1. We focus on positive
sentiment in the focal study, since positive sentiment is
associated with broadened mindset, which facilitates
review readers to consider both text and image components
of the review. The hypotheses are presented as below.

Figure 1. Research model

H1: Colorfulness of review image is positively associated
with review helpfulness.
H2: Color harmony of review image is positively
associated with review helpfulness.
H3a: Sentiment of review text negatively moderates the
relationship between colorfulness of review image and
review helpfulness.
H3b: Review text complexity negatively moderates the
relationship between review colorfulness of review image
and review helpfulness.
H4a: Sentiment of review text positively moderates the
relationship between color harmony of review image and
review helpfulness.
H4b: Review text complexity negatively moderates the
relationship between color harmony of review image and
review helpfulness.
4. METHODOLOGY
4.1 Data Source

We collected data from luxury beauty products (e.g.,
luxury fragrance, luxury makeup) in Amazon in the past
five years using our self-designed python program. We
selected luxury products, since they are mostly experience
goods that are more dependent on online reviews. Since
review image features are important variables for our
study, we only included reviews with uploaded images in
our dataset with a sample size of 1041.
4.2 Operationalization of Variables

Review helpfulness: the number of helpfulness votes
received for a review, as in previous research
Review score: the review score provided by the review
writer.
Sentiment of review text: We generated sentiment scores
(using Python) by analyzing the online reviews through
sentiment analysis and opinion mining algorithms using a
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dictionary of positive emotion English sentiment words
(Liu, 2010). This dictionary associates a score to each
review on the emotions expressed within the words of that
texts. A larger score indicates stronger positive sentiment.
The final score ranges from -1 to 1, with -1 indicating a
weak positive sentiment and 1 indicating a strong positive
sentiment.
Review text complexity is measured as the average
automated readability index (ARI) of the chosen Amazon
reviews. The automated readability index is applied to
quantify textual complexity, as in previous studies with
user generated content (Johnson et al., 2015). A higher ARI
score represents higher complexity of the review. The
equation for computing the complexity is as follows:
ARI =4.71 * (# Characters / # Words) + 0.5 *
(# Words / # Sentences) – 21.43
Colorfulness of review image: Adopting colorfulness
measures in previous study (Kim & Kim 2019), we first
computed the differences between each color channel of
red, green, and blue in each pixel. Their mean and standard
deviation across all pixels in a photo were used to calculate
the colorfulness of the photo. C is the returned colorfulness
matrix.

Understanding online review helpfulness

Figure 2. Color detection and internal angel calculation on
the color wheel (Adapted from Kim & Kim 2019)
4.3 Data Analysis Approach

Our dependent variable is a count of the helpfulness vote
for the Amazon reviews. Traditional multiple linear
regression models would be biased and inconsistent when
dependent variable is measured as count variables. The
dependent variable exhibits overdispersion, as evidenced
by the fact that the variance of the dependent variable is
substantially larger than its mean. To accommodate for the
overdispersion of dependent variable, a negative binomial
model is preferred and used in this research.
4.4 Preliminary results

where σ and µ are the standard deviation and the mean
value of the pixel cloud.
Color harmony of review image: This study takes the
approach from previous study (Kim & Kim 2019) and
computes color harmony as the internal angle on the color
wheel between the two colors used the most in an image,
as illustrated in figure 2. First, the color space of an image
was transformed into HSV (hue, saturation, value) that
represents the kind (hue), richness (saturation), and
brightness (value) of the color. Next, a histogram of hue
value was generated and smoothed through Kernel Density
Estimation. The top two frequent colors were identified as
the highest and second highest peaks of the smoothed curve
(see figure 2). Finally, the two colors were mapped on the
color wheel and the internal angle between them (θ) was
denoted as the color harmony of the image. The color
harmony of each review was measured as the mean color
harmony of all images uploaded in one review.

Table 1 and Table 2 present descriptive statistics and
correlations for the variables used in the analysis. The
highest correlation is 0.31, suggesting that these variables
are statistically distinguishable. Due to the skewness of
review complexity, colorfulness of review image, and
color harmony of review image, we log-transformed all
these variables. We applied a stepwise regression
approach. The control variables are tested in model 1,
followed by the test of main effects in model 2, and
moderation effects in model 3. The Log-likelihood value
increased from model 1 to model 3 and the AIC and BIC
value decreased from model 1 to model 3, indicating
improved model fit with the addition of main effects and
moderating effects.
In model 2 (main effects) of negative binomial regression,
the coefficient of colorfulness of review image (β = 0.136)
is positive and statistically significant (p < 0.01), thus
supporting Hypothesis 1. In model 2, the coefficient of
review text complexity is significant and positive (p <
0.05), and thus supporting Hypothesis 2. In model 3
(moderation effects), the interaction between colorfulness
of review image and sentiment is negative and significant
(β = -1.036, p < 0.05), confirming Hypothesis 3a. The
interaction term between color harmony of review image
and review sentiment is positive and significant (β = 2.966,
p < 0.01), supporting Hypothesis 4a. Lastly, the interaction
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between review text complexity and color properties of
review image is insignificant.
Variable

Mean

Std.
dev.

Min.

Max.

Review
helpfulness

26.56

70.50

6

922

Review score

3.63

1.71

1

5

Sentiment of
review text

0.17

0.25

-1

1

Review text
complexity

10.16

4.19

-8.66

47.98

Colorfulness
of review
image

37.94

16.28

0

92.23

Color
harmony of
review image

61.10

12.24

17.70

114.87

Table 1. Descriptive Statistics (N = 1041)

Variable

1

2

3

4

5

1.Review
helpfulness

1

2.Review
score

0.0
4

1

3.Sentimen
-t of review

0.0
4

0.50*
*

1

4.Review
complexity

0.0
2

0.01

0.09*
*

1

5.Colorfuln
e-ss

0.0
3

0.10*
*

0.02

0.0
1

1

6.Color
harmony

0.0
5

0.10*
*

0.10*
*

0.0
2

0.31*
*

6

This study has made both theoretical and practical
contributions. Theoretically, we show that the textual and
image components of online reviews can interactively
influence its helpfulness rating. Drawing on color theory,
we investigated the image components of colorfulness and
color harmony which can affect review readers’ emotional
and cognitive responses. Our research complements the
existing online review literature by proposing the
importance of the color characteristics of review images.
Practically, sites such as Amazon.com elicit a helpfulness
vote mechanism on customer reviews to increase site
“stickiness”. The results of this study can be used to
develop guidelines for creating more helpful online
reviews. For example, our results imply that online retailers
should consider an integrative guideline for writing online
review with uploaded images.
Future steps of this research-in-progress paper will be
performed in the following ways. Firstly, the research
model can be extended to include other antecedents of
review helpfulness as control variables. For example,
reviewer characteristics have also been shown to influence
review helpfulness. Secondly, we will explore different
types of online products, such as search versus experience
products, given the different nature of these products.
Lastly, we will examine additional features of review
image to provide additional insights on the interactive
effects of review text features and review image features.
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